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好氧不产氧光合细菌（Aerobic Anoxygenic Phototrophic Bacteria,AAPB）是
在海洋真光层广泛分布的功能类群，因对氧气的需求而区别于传统光合细菌，又
因具有光合能力而区别于普通异养细菌。目前对这类细菌的研究主要集中在生态
分布、多样性、色素及光合原件表达等方面，近 30 年来，随着 AAPB 研究的不
断深入，其特殊性和重要性日益突显。本论文主要从脂肪酸、碳氮比等细胞生理
特性的角度研究 AAPB 对环境的响应并对菌藻关系作了初步探讨。 
本文对 Erythrobacter、Citromicrobium 和 Roseobacter clade 的 9 株 AAPB 的
脂肪酸组成进行研究，并以相应数量的 non-AAPB 菌作为参照，着重考察了光照、
温度、营养等重要环境因子的影响。结果显示所选菌株普遍具有较高的不饱和脂
肪酸（Usaturated Fatty Acids，UFAs），平均含量达到 71.12%，且各类 UFAs 中以
summed features 8 （C18:1 w7c）含量 高，脂肪酸组成与菌株的系统发生密切相
关。对基于 16s rDNA 和基于脂肪酸的系统发育树的比较暗示了不同种属在环境
适应能力上的差异。环境因素主要影响不饱和脂肪酸和羟基脂肪酸，细菌普遍通
过调节不饱和度来应对低温胁迫，而 AAPB 的变化幅度比 non-AAPB 小，推测
脂肪酸在低温下的稳定性有利于该类群在寒冷海域的广泛分布。碳源试验显示出
AAPB 较弱的异养能力，而引入光照对脂肪酸整体模式的影响远不及碳源，但




考察了 AAPB 的碳氮比组成及其对环境的响应。结果表明 Roseobacter clade 的
AAPB 在不同的营养状态下能够较大范围地调节自身碳氮比以适应环境变化，在
富营养条件下碳氮比显著高于该属的 non-AAPB，体现出重要的生态意义。结合
连续培养的结果显示，Roseobacter clade 的 AAPB 在较低的碳氮比培养下具有较
高的呼吸活性和单细胞产能，且光照下的产能水平比黑暗条件下多 15.8%，预示




































Aerobic Anoxygenic Phototrophic Bacteria (AAPB) is a functional group that 
widely distributes in marine euphotic zones. The requirement of oxygen distinguishes 
it from traditional photosynthetic bacteria and the photosynthetic ability distinguishes 
it from normal heterotrophic bacteria. Up to date, most of the researches were focused 
on their ecological distribution, diversity, pigments and photosynthetic apparatus, the 
importance and particularity of this group turned out to be very significant. In this 
thesis, we focused on some rarely studied aspects including fatty acids and carbon 
nitrogen ratio to see how AAPB react to environmental changes. Bacteria-algae 
interaction was also investigated. 
In the fatty acids (FAs) studies, 9 AAPB strains assigning to Erythrobacter, 
Citromicrobium and Roseobacter clade and appropriate number of non-AAPB were 
included to inspect the environmental impacts on their FAs compositions. The results 
showed that all tested strains have relatively high amounts of unsaturated fatty acids 
(UFAs) with an average of 71.12%, the C18:1 w7c was the dominant component and the 
FAs profiles appeard to be well related to taxonomy. Compared the clustering patterns 
based on 16s rDNA and FAs respectively indicated different adaptabilities between 
genera. UFAs and OH-FAs (hydroxyl fatty acids) were sensitive to environment 
changes. Lower temperature increased the unsaturation degree, AAPB was supposed 
to have superiority in cold marine areas as the FAs variations were relatively stable. 
Nutrition experiment implied the weak heterotrophic ability of AAPB. Light’s impact 
on AAPB was insignificant compared to nutrition limitation but OH-FAs in AAPB 
strain JL475 was obviously induced by light, which suggest that these components 
may involved in the photosynthetic processes. 
Carbon and nitrogen are major elements for marine microbes and the element ratio 
play an important role in balancing their inner and outer environments, however, 
within AAPB group, little C/N ratios related studies has been reported and our 
primary aim was to investigate how C/N ratios changed toward nutrition deficiency 















Roseobacter clade had statistically higher C/N ratio than non-AAPB, they tended to 
adjust C/N ratios in a broad range, which was of great ecological significance. 
Continuous culture exhibited that AAPB strain JL1447 had higher respiratory activity 
under low C/N ratio than under light and 15.8% more cellular ATP was produced in 
the presence of light, This may help AAPB to better compete with other heterotrophic 
bacteria in oligotrophic environments. 
Besides, we studied the interactions between algae and bacteria. The result 
showed that algae extracts can greatly promote bacteria growth and the tested two 
algae extracts have relatively the same effect. However, AAPB% didn’t show 
functional group related specificity in responding to PDOC (Photosynthetic Dissolved 
Organic Carbon) enrichment. 
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图 1-1 微食物环模型[8] 
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型原核自养生物和微型原核异养生物等单细胞生物以及浮游病毒等多个类群。而

























形成难降解的溶解有机质（RDOM， Refractory DOM）[96]，而且 AAPB 对浮游
植物产生的活性有机质的特异利用，可以使我们推测 AAPB 增加了基于 RDOC
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1.2.1 AAPB 生态分布 
从 AAPB 的生态调查来看，这个类群在全球海域广泛分布，并主要集中在
真光层，全球海域的调查结果显示，AAPB 的丰度约为每毫升 104-105 个细胞，
占总细菌的 1%-10%。对 Bchl a/Chl a 的研究显示，该比例在大洋环境中是近海
环境的 2 倍多，也就是说 AAPB 在寡营养海区扮演了更重要的角色[58]，AAPB
能够利用光能作为能量补充，可能在寡营养海区具有竞争优势，但也有不少研究
显示在富营养的河口地区，AAPB 具有较高的丰度，报道的 高比例达到 34% [113, 
134]，此外，可培养菌株的分离鉴定也呈现出菌株间的多样性，AAPB 菌 JF-1 存
在于黑暗的热泉口[152]，是否预示 AAPB 也能够利用红外能量？这株菌在进化上
处于什么地位？很多有意思的问题有待揭示。对于这个类群的光合细菌，如何调
节自身结构来适应外界变化？是什么原因主导了 AAPB 的生态分布？AAPB 的
光合能力体现在生态上到底具有怎样的意义？许多问题还有待进一步研究。 
1.2.2 AAPB 形态及系统分类 
好氧不产氧光合细菌都是革兰氏阴性菌，形态上呈现出丰富的多样性[145]，
AAPB的形状主要为棒状、椭球形以及弧形，大都具有鞭毛，有的可观察到纤毛，
同质异型现象在Erythrobacter属中普遍存在, Erythromicrobium ramosum 就因形
态上具有分支而命名，Rathgeber等还报道了从淡水中分离到的呈环状的
AAPB[104]。AAPB细胞长约1.2 μm，直径约0.7 μm，体积在0.5 μm3，湿重0.5 pg，
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